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:ABSTRACT
Methods -~f reusing/recycling the more than 250 million automobile and truck tires which are worn out each year were investigated.
The existing methods of reusing tires account for about 30 percent of
the volume of scrap tires generated · each year.

These methods are,

Retreading, Reclaiming (by reducing to ground up rubber and fiber),
and Tire Splitting (stamp items out of sidewall and tread areas).
Several possibilities for reusing/recycling the unused 70 percent were
discovered.

These methods are as follows:

Destructive Distillation
from tires by pyrolitic action.

A method of recovering chemicals
It is anticipated that eventually as

much as 60 percent of all scrap tires may be reused by this method.
Expanded Reclaimer Usage

-~

The use of crumb rubber as an

asphalt additive will improve life and durability of highway paving as
much as 300 percent.
Artificial Reefs -- The tires are compressed and banded then
dumped in the ocean to expand old or create new reefs.
Carbon Black -- A method whereby the tire is carburized and
the resulting carbon black used in new tire formulation.

An investigation of the possibility of using one or more of
the above methods for the East Central Florida area indicates that
artificial reefs should provide the most useful, least cost method for
disposal of scrap tires.
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SCRAP TIRE .DISPOSAL PROBLEM
The disposal of solid wastes is an ever increasing problem for
the United States of America, and other parts of the world, as the
affluence created by modern

techno~ogy

spreads.

While paper and pack-

aging materials represent more than 50 percent of the waste volume,
the disposal of this material, while a problem because of its bulk, is
not too serious as these items can be or~ will decompose in the natural
environment or can be burned in relatively simple furnaces.

A more

severe problem is found to exist when disposal of non-biodegradable
materials is required.

Glass, plastics, metals and rubber are more

difficult and may require special treatment.

Metals, in general, can

be recovered and recycled with hope of an economic gain, but rubber,
glass, and plastics, since they do not degrade in natural environments
within a reasonable length of time, must be handled in some manner
which will permit them to be changed in: form or composition so as to
permit re-use or non-hazardous disposal.
This research effort will cover the available methods to provide satisfactory reuse or useful disposal of scrap rubber with the
minimum damage to, or maximum enhancement of, the environment.

Tires,

both truck and passenger car are the most widely distributed form in
which rubber waste occurs and,thus

will be the thrust of this re-

search.
Approximately 250 million tires were worn out in 1971 with a
continued growth in the number expected.

Because of the resistance to
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deterioration one source estimated that there are about two billion
scrap tires in the U.S. today (1).

At the present time, because of

marketing limitations, only about '30 percent of this volume can be
reused economically.

The other 70· percent must be disposed of by con-

ventional means such as sanitary landfills or in community dumps.
Figure 1 gives an indication of the quantities involved and expected
growth of the scrap tire problem for the next few years.
The disposal of the major portion of this 70 percent is now
technically feasible (i.e., can be reused or recycled into a useful
product) but is not economically feasible (i.e., cost more to make the
useful product out of recycled material than from new raw material)
(2) (3).

Tires made from both GR-S (Government Rubber-Synthetic) and
crude (natural) rubber, are almost immune to the natural degradation
forces.

Sunlight and ozone are two of the natural enemies of rubber

but their action ·is slow (10- 15 years).

This resistance to bio-

degradation means that a tire on a junk pile will still be a tire after
many years,and a tire discarded by the roadside will still be an eyesore as long as the vegetation does not hide it from view!

In the

municipal waste pile a tire is a nuisance because its shape means it
cannot easily be made into a solid mass and it can cause settling of a
compacted fill long after it has supposedly completed settlement.
Landfill operators insist that no matter how deep one buries a tire it
will eventually work its way back to the surface!

Only the use of

special machinery to chop, slice or otherwise dismember a tire will
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make disposal in a landfill a practical solution.

Unfortunately

this

machinery is too expensive fot . most municipalities to keep on hand for
the relatively small usage it would get.
To compound the problem of disposal by burying in landfills,
the areas of high-density population, which are areas of high land
costs, are also the areas which generate the greatest number of scrap
tires.
Another method of disposal which proved satisfactory when the
quantities were small (300 - 400 tires a week) was open air burning.
Today, because of the requirements to maintain a clean atmosphere, open
air burning is an unsatisfactory solution.
along with other refuse would appear to be

Incineration of scrap tires
~

solution but the follow-

ing two problems occur when tires are burned in an ordinary municipal
incinerator.
1.

The 80 , 80 , and NO emissions, and the quantities of air
3
2
borne particulates rise sharply due to the high sulpher
content of tires and due to the other materials compounded
with rubber in tires.

2.

The heat of combustion of the rubber (13,000 BUT/lb) is
much higher than normal refuse (8,000 BTU/lb) which can
damage the firebrick and grates of the incinerator.

A properly .designed incinerator can handle the airborne particulates and the temperature increase problems.

Thus, tires could become

an asset if this type of incinerator is used to generate steam for

-·4

heating or electricity as is done in many European cities.

Unfortun-

ately, most of the presently constructed incinerators cannot perform
satisfactorily without extensive modifications in the form of newly
designed firebrick and grates, installation of large blowers to increase
excess air, and installation of scrubbers or electrostatic precipitators
in the smokestacks.
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PRESENT MAJOR. USES FOR SCRAP TIRES
At this time there are only three major uses of scrap tires;
the retread, the reclaimers, and .the tire splitters industries.

Be-

tween these three industries the total amount of scrap tires reused
amounts to about 1.8 billion

pounds~

or 30 percent of the total tires

scrapped each year.
Retread Industry
The retreading of tires has been going on for many years and
presently accounts for recycling approximately 17 percent of the gross
scrap tires.

Because of the bad experiences some people have had with

retread tires most people look upon them with misgivings.
car use has declined steadily while truck and bus

Passenger

use has increased.

Despite the latter use, it is anticipated that the percentage of tires
retreaded will decline to about 15 percent by 1980.

The proliferation

of new third and fourth line tires,which sell in the same price range
as retreads,has also hurt the industry.
Reclaiming Industry
Reclaimers reduce a tire to steel bead, chopped fibers and
ground (crumb) rubber.
the available tires.

They provide for reuse of about 12 percent of
Ground rubber is the primary end product of

reclaimers and is used in making molded rubber items.
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Another use for crumb .rubber is as an addition to new rubber
when making tires for the purpose of

mak~ng

Unfortunately, this use is

because of:

declin~ng

the new rubber more workabl

---

1.

the low price of synthetic rubber;

2.

the increased emphasis on use of only 'prime quality
material' by public relations advertising;

3.

the increasing difficulties inherent in reclaiming tires
containing fiberglass and steel in the treads (1).

Because of these difficulties the use of reclaimed rubber in new tires
is expected to decline to 10 percent of the total rubber available for
reuse (1).
Tire Splitters
Tire splitters use tread and sidewall areas of scrapped tires
to stamp out gaskets, washers, boot or shoe soles, door mats, etc.
Since this industry only accounts for about one percent of the total
tires, it has no significant effect on the scrap tire supply.

However,

even at this level of use it should be noted that tire splitters are
turning sixty million pounds of scrap into useful products.
The previous three industries account for about 30 percent of
the tires which have become unfit for their primary function.
remaining 70 percent

Of the

of the total scrap tires, nearly 90 percent end

up in a city or county landfill or dump.
disposed of by burning,

becom~ng

The other 10 percent are

pier bumpers, used for erosion con-

trol, placed in water to form artificial reefs, or just discarded by
the side of the road.

7

It is from this unused

ca~egory

of scrap tires that we need

to find new ways to make tires an economic asset, as well as provide
reuse of a natural resource.
---
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PROPOSED METHODS OF RECYCLING SCRAP TIRES
Of the majo~ methods proposed to dispose of scrap tires, the
primary problem involved is the selction of a method that is economically viable.

The selection of a .best method under these circumstances

then boils down to which method costs the least and/or can be 'sold' to
the politicians and the public as an acceptable substitute for burying.
All the proposals are based on the assumption that it is better to
reuse the material in one form or another than to bury it in the
ground.

This premise is, of course, true whether one is talking about

recycling glass, plastics, paper, garbage, metal or rubber.

Therefore,

the minimum economic loss is a primary justification for selection and
allocation of the methods listed below.
Destructive Distillation
Destructive distillation is a method of decomposing tires by
heating without oxygen.

It is called pyrolyzation or carbonization.

Figure 2 is a schematic of the pilot plant used to evaluate this process.

Because of the valuable materials recovered by the destructive

distillation process it is anticipated that the majority of the scrap
tires in the unused category will be disposed of by this method.

A

study sponsored by the Rubber Manufacturers Association indicates that
this method, more than any other means of reuse, will provide a higher
return on the investment (4).

A destructive distillation plant of

optimum size will use approximately 100,000 tons of scrap rubber per

9

year and require an investment of .more than $6,200,000.
will need to be . located near

l~rge

Such plants

centers of population which can

supply the needed quantities of tires. Population densities of two
--million or more will be required. In addition, chemical plants which
could use the products of the distillation should be located within a
radius of 50 miles or less to keep ' haul costs to a minimum.

There are

no plants currently using this process but evaluation of a continuous
processing method is underway by the Firestone Tire and Rubber Co. (5).
The products derived from the destructive distillation
process consist of gases, oils and a residue.

The oils are classed as

heavy oils (oils that condense above 0°C) and two groups of light oils
(oi~that condense at 0°C and at -70°C).

The residue is that which re-

mains after the volume of gases being driven is too low to support combustion at the outlet stack (5) •
. As noted in Table 1, the temperatures used in carbonizing
the scrap rubber were varied to determine heat variation effects on the
products.

As the table shows, there are significant differences due

to temperature.

These differences are used to control, within limits,

the products desired.

For example, if gas is the primary requirement,

then heating at 900°C would provide the maximum ouput (12,000 versus
3
2,000 ft /ton).

BTU/ft

3

This gas obtained would have a heating value of 700

which compares favorably with gases such as methane which has

a heating value of 900 BTU/ft

3

(6).

The gas could be used for making

steam for electric power generation as well as providing heat for the
pyrolytic process.

It is interesting to observe that the gases
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evolved · at the lower pyrolyzation temperatures had a

heat~ng

value about

one-third higher than the gases . evolved at higher temperatures but the
quantity was only one-sixth as much.

The lower BTU content came from

--a higher

percen~age

of

hyd~ogen

and low molecular weight hydrocarbons.

Fourteen components were identified in the gas of which 90 percent are
hydrogen, methane and ethane.
The quantity of oils extracted by the process is also strongly
affected by the heat of pyrolyzation.

0

At the low temperatures (500 C)

or when the temperature was started low and raised slowly to high
pyrolyzation temperatures (approximately 900°C) the proportion of
heavy oils produced amounted to 44 percent by weight.

At the high

pyrolyzation temperatures (900°C) the fraction produced dropped to
15 percent.

Most of the converted fraction is changed to gas.

The

amount of light oils produced is small (10 - 20 gallons) compared to
the heavy oils (33 - 117 gallons) and is not as drastically affected
by temperature of pyrolyzation.

More than 100 different compounds

were identified in the heavy oils and over 60 compounds in the light
oils.

This proliferation of compounds is one drawback to the process

as chemical processors usually require one or just a few specific
compounds or a class of compounds in their manufacturing process.
The residue in the retort after the pyrolyzation was complete
consisted of friable carbonaceous materials.

This residue is of such

a nature that it could be used in applications such as filter char,
as particulates in concrete or asphalt mixes, or as a smokeless fuel.
The heating value of this residue is 13,500 ± 500 BTU/lb which

compares favorably with many bituminous coals at 12,000 to 16,000 BTU/
lb.

The amount of residue remaining

ave~aged

1,100 pounds per ton of

scrap rubber or a little over · SO .percent by weight.
. -.-

Two interesting results of . this study are:
1.

Truck

tires~

because they contain a higher percentage of

natural rubber, produced gases with a higher heating
value (at 900°C}, and
2.

Tires do not have to be ground up and cords separated
before pyrolyzation.

Metal beads and steel treads make

the yield slightly less and would have to be removed
before the residue could be used.

This could be done

magnetically.
It is expected as the percentage of tires retreaded goes down,
this reuse method will absorb the majority of the decrease.

Eventually

the amount of scrap tires reused by destructive distillation should
reach 60 percent of the total available.
Reclaiming Industry

Expa~sion

The reclaiming industries continued use in new tire formulation,
retread rubber, and raw material for numerous rubber goods is expected
to account for approxi}D.ately 10. percent ot:. the total scrap tires.
decrease

~rom

This

the pres.ent reuse o! 12 percent is caused by the trend

toward belted and radial t¥Pe tires.

Th~

greater flexing of the tire

walls in these trpes of tires· has demanded new rubber compounds which
use less reclaimed ' ruooer · (7}.
reclaiming tires containing

In addition, the added difficulty of

fio~rglass

and steel reinforcing in the
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treads will reduce the

number ' of · ~vailable

tires or increase the cost

of reclaiming by forcing the .reclaimer to provide new machinery to
handle these tires.

The sheeted · and/or baled, re-vulcanized, reclaimed

rubber use is also expected to decline because the competition from
plastics for uses such as floor mats, rugs, hard rubber products, etc.
is so strong.
If tests now under way continue to show good results, a new
source for use of crumb rubber will be as an additive in asphalt
paving mixes.

It is expected that this new use will increase the

reclaimers share of the reuse of scrap tires to an estimated 20 percent
of the total scrap tires.

The addition of crumb rubber as an aggre-

gate to asphalt paving mix is reported to improve the resistance to
bleeding {Petter skid resistance), reduce pavement cracking (more
flexible) and increase the strength of the pavement (8) (9).

See

Figure 3 for analogy upon which the increased strength evaluation was
made.

The price increase due to adding

per ton

(~).

crumb

rubber

is about $1.50

To date, no definitive numbers are available to cite the

degree of improvement of the aggregate additive although several
studies are under evaluation (10)
with the Superintendent

o~

(~1).

In a personal communication

Highwa¥s in the town

o~

Cheektowaga, N.Y.,

Mr. Stanle¥ Bystrak, where rubberized asphalt mixes were used on roads
in 1959

~21,

he indicated that results were not too satisfactory

because of bubbles forming in the roadbeds and use was discontinued.
Another us-e for crumo ruober is as an asphalt additive in a
Strain Relieving Irtterlayer.

The use of an elastic asphaltic compound

13

made from equal parts (by volume) ' of reclaimed rubber, mineral aggregate and an asphaltic binder, spread in a thin layer (J./8 inch to 1/4
inch thick} over an old surface as a

sub~base

for the new paving sur-

-.-

face, will provide a minimum of 30'0 percent improvement in the
allowable

~oundation,

or

sub~base,

movement before cracks would be

reflected above th.e interface (9) (13}.

This interlayer essentially

acts as an elastic memorane which absorbs much of the underlying surface movements and thus keeps the top paving surface from cracking.
(See anal o_gy presented in Figure 3. J.

Use as an inter layer could pro-

vide a signi£icant market for scrap rubber as a 1/4 inch thick layer
requires 4.48 pounds per square yard and means a one mile length of
12 foot paving interlayer would require 15 tons of rubber or the
equivalent of about 1,100 tires.

Based on the price quotation from

U.S. Rubber Reclaiming Co., for their patented mix of 10.5¢/lb, the
cost of the interlayer would be about $3,300.

This is a significant

cost increase when the cost for paving the same length of roadway with
a two inch thick layer of asphaltic concrete at $7.50 a ton is $5,280.
To determine the economic implications, a detailed study would need to
be made of the maintenance costs and time between repaving of roads
with. and without the interlayer.
appea~s

A cost~benef.it

study on this usage

to be in order.

Artificial

~eefs

The use of scrap tires to create artificial reefs is an
approach which will be of maximum benefit to coastal cities.

The

possibility of barge collection and transport to dumping areas pro-
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vides a relatively inexpensive disposal method.

A compression machine

invented by the B.F. Goodrich Tire Company, Akron, Ohio, can reduce
the volume by 75 percent and increase the bulk density so that the
compacted mass sinks to the bottom of the ocean rapidly (14).

The

U.S. Department of the Interior--Bureau of Sports Fisheries and
Wildlife--is

sponso~ing

a project to construct artificial reefs using

these old tires (15) (Now under Environmental Protection Agency jurisdiction).

EPA estimates that up to one billion tires could be dis-

posed of in this way.

The benefits which may result from the creation

of such reefs are mostly in the area of recreational fishing.

The

cost-benef.i t values, besides being difficult to quantify, would have
to be prorated over the period during which the reefs become a part
of the marine environment.

As of now, the time it takes for the

tires to become an integral part of the marine environment is an
unknown factor but no detrimental effects have been noted.
investigations should establish the time factor (15).

Continuing

This method of

disposal, therefore, will require a conscious decision on the part of
the taxpayer to subsidize creation of artificial reefs for esthetic
reasons and not for economic reasons.
Other Uses
Many minor uses have been proposed but the quantities of scrap
tires are so small that their impact on the total volume is too little
to be significant.
1.

Some of these uses are as follows:

Carbon Black· - An acceptable product can be made by
pyrolyzing a mixture of crumb rubber and mineral oil

15

(20- 80 and
used in

40 . ~

'60 ratios) (16).

compound~ng

strength and

Carbon black is

new tire rubber to give added

wear . resistan~e

to the finished tire.

Tire formulations may contain up to 40 percent carbon
black, thus carbon black could develop into a significant usage method.
2.

Molding Compound - U;S. Patent No. 3,468,974 dated
September 23, 1969,

as~igned

to U.S. Rubber Reclaiming

Co., covers the use of chopped fiber-rubber mixture
(the residue of the rubber crumbing process) to make a
molding compound which is extrudable and thermoplastic
(17).
3.

Artificial grass which is a mixture of epoxy cement,
ground rubber and coloring material.

It can be used

to pave medians and intersection separation areas where
natural foliage or grass cannot survive because of
vehicle emissions (18).
4.

Miscellaneous uses include use of stacks of tires for
highway impact

ba~rs

(19), land erosion control by

staking on hillsides, etc.
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EAST CENTRAL FLORIDA AREA
A survey of major new tire dealers in the East Central Florida
area indicates that 10-15 percent of the used tires received are
recappable, therefore, 85-90 percent of the remaining scrap tires
should be available for reuse.
Because the number of scrap tires is directly related to the
number of new tires sold, which is in turn related to the number of
vehicles in the area, a listing of the number of license tags sold, by
counties, was obtained and is presented in Table 2 (20).
ed in Table 2 are the population figures.

Also present-

Based upon an average tire

life of 20,000 miles and an average number of miles driven by most
vehicles of 10,000 miles per year, it is estimated that two replacement tires would be purchased for each registered passenger vehicle
per year.

Truck tires are, on the average, much heavier than passen-

ger car tires and are considered separately but still on the basis of
two per year.

The calculations presented in Table 4 show how the total

quantity of available scrap tire estimates are made.

Based on these

estimates the East Central Florida area could generate a total of
51,700 tires per day or about 14,300 tons/year.
The Orange County, Florida,

demonstratio~

charges $3 per ton for disposal of scrap tires.

sanitary landfill
Therefore, if all the

tires in this area were disposed of this way it would mean an income
of approximately $100 per day.

Since the cost of landfill operations
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is estimated at $2 per ton, the difference, which might be considered
'profit', is a maximum of $30 per day.

The added land costs plus in-

creased operator time to dispose :of this increased bulk would soon use

-- up any apparent profit.
A review of the possibilities of new reuse methods in the East
Central Florida area indicates only two methods which the author feels
may prove to be feasible.

The methods are artificial reefs and reclaim

ing.
Artificial Reefs
The formation of artificial reefs would enhance one of the major attractions for which Florida is famous - fishing.

As such, it

appears to be a useful way of disposing of virtually all the tires now
being scrapped and for at least the next ten years.

A compression

machine is available from the B.F. Goodrich Tire Company which reduces
ten tires to the same volume as three normally occupy (14).

This in-

crease in bulk density has the two-fold effect of making the quantity
which can be depositedtlanarea three times as great and prevents ocean
currents from moving or shifting the locations.
significant problem with this method of disposal.

There is, however, one
The economic returns

are difficult to quantify because they are related primarily to recreational activities, also they are long range since it will take several
years for the natural marine life to convert the piles of tires to an
acceptable environment for the fish.

Since the reefs created would, in

all probability, be in international waters, there would be no enforceable way to charge directly those receiving the added benefits and thus
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defray at least part of the expense.

The cost might be prorated among

those who benefit more or less directly, such as fishing

f~eet

opera-

tors, recreational fishing boat operators, motel or hotel owners, Cham-.-

bers of Commerce, or other organizations who use

fish~ng

as a lure to

attract tourists, if a fair means could be devised to 'tax' them (e.g.
special tax districts).
Florida Institute of

Techno~ogy

at Melborne in conjunction with

Hydrospace Institute at Cocoa Beach sponsored a demonstration artificiru
reef project several years ago and some individuals in Ft. Lauderdale
revived the idea in March 1972 on a volunteer labor basis.
mental results have been noted from these projects.

No detri-

However, both were

discontinued because of lack of funds.
From an economic viewpoint reference (4) presents the cost
estimate for what is described as a 'typical-sized' plant for reusing
scrap tires for artificial reefs.

The following data were extracted

from Table 4 of the reference:
Tonnage Required per year

2,600

Investment Cost

$25,000

Operational Cost per year

$43,000

Net Processing Cost per Ton per year

$16.60

Since the tonnage available in this area is nearly five times
as much as required, it would be possible to build one larger plant or
several smaller ones which would need to be located in order to optimize source and disposal haul costs.
No income is projected, .therefore, the entire cost must be
borne by the taxpayer.

Using these figures the cost to dispose of all
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the tires available in East Central Florida would be about $240,000
per year.
Reclaiming

-.-

There are two ways in which
used.

th~

ground (crumb) rubber might be

These are asphalt paving mix additive and strain relieving

interface.
As an asphalt paving mix additive the crumb rubber is mixed in
. regular asphalt concrete to provide a more resilient paving.

Referenc

(4) provides the following information for a 'typical-sized' plant:
Tonnage required per year

29,750

Investment Cost

$4,000,000

Operational Cost per year

$4,450,000

Net Processing Cost per Ton/year

$151.00*

*Based on no expected income!
This 'typical-sized' plant does not include facilities to grind the
rubber and would therefore require another facility to provide the
rubber.

The tonnage requirement is more than twice the amount esti-

mated to be available from the East Central Florida area, therefore,
this use for tires as a direct addition to asphalt paving does not
seem to be feasible.

While not included in this research, a quick

look at the volume available in Central Florida (coast to coast) indicates that there would be just about the required tonnage to support a
plant · this size if a facility was available to grind the rubber tires.
Information was obtained from Mr. B. D. LaGrone, Technical
Director,

u.s:

Rubber Reclaiming Co. concerning the cost of establish-

ing a 'Reclaimator' facility which would also produce their patented
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asphalt additives Ramflex and Flo-mix and a Strain Relieving Interlayer
mix (SRI) composition.
out.

From this data the

See

~igure

4 for schematic of such a plant lay-

follow~ng list~ng

is generated:

---

Tonnage Required per Year

5,670
$3,800,000

Investment Cost

$500,000

Operating Costs per Year
Net Processing Cost per

Ton/Ye~r

$88.18

Note that the quantities required by this plant are within the capabilities of the East Central Florida area.

In reference (21) the

price of ground rubber aggregate is quoted at 6¢ per pound, while

Mr. LaGrone quotes operating costs at 5¢ a pound.

It is apparent from

these cost figures it would not be possible to amortize $3.8 million
investment for the 'Reclaimator' plant and refineries for producing
the asphalt mixes.

The mixes are quoted at

10~¢

per pound, FOB from

the plant, and are expected to increase the cost of finished paving
approximately $1.50 per ton.

Based upon the data for Florida (20),

the state is using an estimated 775,000 tons per year of asphalt.
Local cost of asphalt paving is $7.50* per ton.

This

means an in-

crease of 20 percent or an additional $1,162,500 per year for the ingredients plus some added costs due to mix time increase and need for
added controls on the mixer operations.

Based on 14-15 pounds of mix

per ton of asphalt for optimum characteristics, the state of Florida
alone would be able to use 5,760 tons.
city, the added cost for

us~ng

While the plant has the capa-

this material must be taken into

*Price for 3" thick courses of : paving on Interstate I-95 was listed
at $7.50 per ' ton while small resurfacing contracts may cost as much
as $22.00 per ton.
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account.

Also in addition to ·. the · added .costs of material and time at

the mixer, the haul costs have not been accounted for by this analysis.
Since definitive data on the amount of improvement the rubber additive
gives the paving is not yet available, the 25 to 30 percent increase in
cost would have to be evaluated when that data is available.

Based

upon the foregoing analysis the use of rubber aggregate in asphalt
paving is not a satisfactory method . for reusing scrap tires in the
East Central Florida area at this time. ·
Strain Relieving Interlayer (SRI) is a more likely candidate
for an asphalt additive usage.

In using a Strain Relieving Interlayer

there appears to be a minimum improvement in the prevention of reflection cracking of 300 percent, and thus, the decrease in maintenance
costs should be significant.

From the estimates made previously, Flori·

da paved the equivalent of 2,200 miles of 12 foot wide roads in 1971.
If the SRI was underlaid on only 750 miles of road (12 foot lanes) it
would reuse every tire in East Central Florida.
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CONCLUSIONS
. -. An investigation of methods

available for reusing/recycling

the more than 250 million automobile and truck tires,which are worn
out each year, was made.
The existing methods of reuse by retreading reclaiming and
tire splitting account for about 30 percent of the ·total tires scrapped
each year.

To utilize the other 70 percent in the most useful and most

economic ways possible the following methods for reuse/recycling are
. proposed.
Destructive Distillation of the scrap tires is the most promising method available to reuse the materials in tires.

This is accomp-

lished by turning them into chemicals which can be processed into new,
useful end products.

Economically, destructive distillation is expect-

ed to provide the least monetary loss of any of the proposed methods.
While there are no plants presently using this process, it is expected
that ten plants, strategically located throughout the United States,
would be able to reuse about 60 percent of the total available quantity
of scrap tires.

The anticipated cost of disposal by destructive distil-

lation is about $16 per ton.
Asphalt additive mixes provide an expansion of the
Industry by increasing the demand for crumb rubber.
rubber in

~ighway

Reclaim~ng

The use of crumb

paving and strain relieving interlayers provides for

improved roads and decreased maintenance costs.

The cost for disposal
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(reuse) by this method is higher '. than any other reuse method, but the
benefits to

~ighway,

in our .automotive-oriented society, make it a

desireable method.
Artificial reefs provide a reuse method particularly attractive
to coastal areas.

The low initial cost and the anticipated benefits to

recreational activities are the incentive for using this method of
disposal.

For states such as Florida, which has an extensive shoreline,

improvement of existing reefs or creation of artificial reefs make this
method very attractive.

The cost for using tires in artificial reefs

is expected to be about $17 per ton.
Carbon Black plants produce a material which is used in formulation of rubber for new tires.

This material provides increased strength

and wear resistance to tires and therefore will also provide a satisfactory reuse method.

The carbon black plants should be located near

tire manufacturing facilities in Ohio, Pennsylvania, and California because the very low bulk density of carbon black makes haul costs high.
The disposal cost by this method is also about $17 per ton.
A review of the above proposed methods was made with the possibility of application in the East Central Florida area.

Based upon the

quantity of tires required and the availability of markets for the end
products, destructive distillation and carbon black were ruled out as
reuse methods.
Artificial reefs and asphalt additives, the two remaining disposal/reuse methods, were determined to be definite possibilities for
East Central Florida.
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The use of scrap tires for artificial reefs was determined to
be the most desirable and economical means to dispose of the scrap
tires in this area.

The criteria of, accessibility of reef areas about

-. -

about 20 miles off the Brevard County coast and the required quantity
of available scrap tires, are both· met when using this method of disposal in the East Central Florida area.
The use as an asphalt additive in the strain relieving interlayer process is also a possible method of reuse for scrap tires in this
area.

The cost-benefit ratio of

pav~ng

and repaving costs versus main-

tenance and replacement costs of highways would need to be established.
This would determine the economic feasibility of using the asphalt
additive system as a satisfactory disposal method.
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.TABLE 2
TABULATION OF PASSENGER. CAR LICENSE TAG SALES IN
EAST CENTRAL FLORIDA JUNE 1, 1969 - 1970,
BY #q~"QNTIES WI~H -. POPULA'l;IO~ APRI~ ~9~0
County

Tag Sales
....

Per Cent
.of State-

Brevard
Indian River
Lake
Orange
Osceola
Polk
Seminole
Volusia

120,727
18,968
35,315
180,699
12,961
107,388
35,687

.3. 7
.0. 6
1.1
5.5
0.4
3-.-3
1.1

Totals

599,482

230,006
35,992
69,305
344,311
25,267
227,222
83,692
.. .169,487

.·: 2·:1

87 '~7"'37

Population
-1970 ..

-18.4

....

1,185,282

Per Cent
of State
3.4
0.5
1.0
5.1
0.4
3.4
1.2
2.5

-17.5

TABLE 3
REGISTRATION OF VEHICLES BY TYPE IN THE STATE OF FLORIDA

Year

Passenger Car

Bus

Truck

Total

1968

3,167,100

7,300

453,600

3,628,000

(20)

Source -- Florida Statistical Abstracts -- 1971
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.TABLE 4 .
CALCULATIONS
OF SCRAP TIRE VOLUME AVAILABLE
... IN EAST CENTRAL FLORIDA
....

Passenger Car Tag Sales - Counties

(est)

1968
1970
1972

577,293
599,482
620,000

Truck Registration - State
1967
"1968
(est)l972

396,908
453,600
500,000

Scrap Tire Calculations
620,000 Passenger Cars
2 Tires/Car

500., 000 Trucks in Florida*
·15 percent in E.C.F.**
----,.--

----

.. 7s.,.QOO Trucks in E. C. F.

1,240,000 Tires to be replaced/
year
-186,000 Less 15% use as recaps

- - - -2 Tires/Year
.. 150,000 Tires/Year
@'50 lbs./tire
----7,500,000 lbs./year of scrap
tires

1,054,000 Scrap Tires/Year
@ 20 lbs./tire

-----

21,080,000 lbs. of scrap tires/
year

20,500 lbs./day

57,900 lbs./day

Total Weight of scrap tires in
E.C.F. area
78,450 lbs./day
39.22 tons/day
or
14,300 tons/year

*

See Table 3.

** This prediction was made based on the percents of Table 2
and by taking into account the commercial areas and activities
for the State of Florida.
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